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Abstrat
We study the impat of the two-loop eletroweak orretions on the prodution of a
Higgs boson via gluon-fusion in proton-proton ollisions at LHC energies. We disuss
the presritpion to inlude the orretions to the hard sattering matrix element in
the alulation of the hadroni ross-setion σ(p+p→ H+X). Under the hypothesis
of fatorization of the eletroweak orretions with respet to the dominant soft and
ollinear QCD radiation, we observe an inrease of the total ross-setion from 4 to 8%,
for mH ≤ 160 GeV. This inrease is omparable with the present QCD unertainties
originating from hard sattering matrix elements.
∗
Email: Ugo.Agliettiroma1.infn.it
†
Email: Roberto.Bonianii.uv.es
‡
Email: degrassis.uniroma3.it
§
Email: Alessandro.Viinimi.infn.it
1 Introdution
The Higgs boson is one of the missing ingredients of the Standard Model and its disovery
represents one of the most important physis goals of the LHC. This goal will be ahieved
only if we an predit with high auray all the prodution ross setions of this partile
and if we understand in detail the dierent deay hannels and the relative bakgrounds.
At the LHC, the gluon-fusion is the dominant prodution mode over the entire range of
interesting values of the mass of the Higgs partile (100GeV > mH > 1TeV). In partiular,
in the range 100GeV > mH > 2mt this prodution mode is larger by almost one order
of magnitude with respet to the next important mehanism, the vetor boson fusion. It
is, therefore, very important to have a preise predition of its ross setion and a reliable
estimate of the remaining theoretial auray.
The total ross setion for the Higgs boson prodution by gluon fusion in the LO ap-
proximation was alulated in the late seventies [1℄. It is an O(α2S α) alulation, sine the
Higgs ouples to the gluons only via a heavy-quark loop (the most important ontribution
is the one due to the loop of top). For what onerns the higher orders, the alulation of
the NLO QCD orretions have been done in the innite mt (mass of the top) limit in [2℄,
and, with the full quark mass dependene, in [3℄. Besides of the fat that the innite mt
approximation should be valid in the Higgs mass range mH > 300 GeV, it has been notied
[4℄ that this approximation works also for values of mH beyond the top threshold, and up
to masses of O(1TeV). The total eet of the NLO QCD orretions is the inrease of the
LO ross setion by a fator 1.51.7, giving a residual renormalization/fatorization sale
dependene of about 30%. The eletroweak orretions were evaluated in the innite mt
limit in [5℄ and turned out to amount to less that 1%. The attention was driven by the
evaluation of the NNLO QCD orretions, arried out in the innite mt limit by several
groups [6℄. The alulation shows a good onvergene of the perturbative series: while the
NNLO orretions are sizable, they are, nevertheless, smaller that the NLO ones. More-
over, the NNLO orretions improve the stability agaist renormalization/fatorization sale
variations. The eet due to the resummation of soft-gluon radiation has been inluded in
[7℄, and the remaining theoretial unertainty, due to higher-order QCD orretions, has
been estimated to be smaller than 10%. Finally, several eorts were also devoted to the
alulation of QCD radiative orretions to less inlusive quantities, suh as the rapidity
distribution, reently evaluated at the NNLO [8℄, or the transverse momentum (qT ) distri-
bution [9℄, whih, in [10℄, is evaluated using the xed-order perturbative results up to NLO
in QCD and the resummation up to the NNLL.
Motivated by this aurate senario, the NLO eletroweak orretions to the gluon fusion
were reexamined reently. In [11℄ the ontribution to the partoni ross setion due to the
light fermions were alulated. It turned out that they are sizeable. In partiular, in the
intermediate Higgs mass range, from 114 GeV up the the 2mW threshold, these orretions
inrease the LO partoni ross setion by an amount of 49%. For larger values of the
mass of the Higgs, mH > 2mW , they hange sign and redue the LO ross setion; however,
in this region the light-fermion orretions are quite small, reahing at most a −2%. In
[12℄, also the remaining eletroweak orretions due to the top quark were alulated as a
Taylor expansion in m2H/(4m
2
W ). They are valid for mH > 2mW , range in whih they have
opposite sign with respet to the light-fermion orretions. However, the orretions due
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Figure 1: Lowest order (a) and generi NLO-EW (b), (), (d) Feynman diagrams. The
solid lines are fermions. The wavy lines are gauge bosons (V = W,Z).
to the top quark are smaller in size, reahing at most a 15% of the light-quark ones.
The impat of the NLO eletroweak orretions on the hadroni ross setion has not
been disussed yet. We present here the eet of their inlusion in the alulation at the
hadroni level.
2 Inlusion of the Two-Loop Eletroweak Corretions
The partoni gluon fusion proess ours, in lowest order, via one-loop diagrams, as the
one depited in Fig. 1 (a); in the loop run only the top and the bottom quarks, beause of
the Yukawa suppression of the lighter quarks. The NLO-EW orretions are shematially
represented by the diagrams in Figs. 1 (b), () and (d). In partiular, in Figs. 1 (b) and ()
the WWH/ZZH ouplings avoid the Yukawa suppression, and, therefore, in these diagrams
the fermioni line represents all the possible avours: light avours, evaluated in [11℄, and
top quark, evaluated in [12℄. In Fig. 1 (d), instead, the fermioni line an represent only
the top quark [12℄.
At the hadroni level, we onsider the Higgs boson prodution at the LHC, and therefore
in proton-proton ollisions. The hadroni ross setion an be written as:
σ(p + p→ H +X) =
∑
a,b
∫
1
0
dx1dx2 fa,p(x1,M
2) fb,p(x2,M
2)×
×
∫
1
0
dz δ
(
z − τH
x1x2
) (
1 + δEW (mH)
)
σˆab(z)
σˆab(z) = σˆ0
(
1 +KQCD onlyab (αs(µ
2), µ2,M2)
)
(1)
where the partoni proesses initiated by partons (a, b) are onvoluted with the orrespond-
ing parton densities fi,p(x,M
2), (i = a, b), evaluated at a sale M . The eet of the higher
order QCD and EW orretions is desribed by the two funtions KQCD−only and δEW ,
obtained by fatorizing the lowest order ross setion σˆ0.
2
In the partoni ross setion, QCD and EW orretions have been fatorized. This
ansatz is valid up to subleading higher order orretions whih start at the 3-loop level
(i.e. O(ααs) with respet to the lowest order). The fatorization of the QCD initial state
ollinear divergenes holds for the hard proess desribed by the eletroweak NLO orre-
tions, following from general arguments of the fatorization theorems and from the universal
nature of the initial state ollinear radiation. In fat, the whole set of EW orretions is
haraterized by a sale mW , muh harder than the one typial of the leading ollinear
emission. In addition, in the limit of light Higgs, the EW orretions an be expanded as
a Taylor series in powers of mH/mW and the EW orretions vertex beomes eetively
pointlike. In this regime the fatorization of the QCD ollinear divergenes beomes rigor-
ous. For heavier Higgs masses, the fatorization should still be valid only in leading order,
due to the modiations indued by the EW form fator.
3 Numerial Results
The hadroni proton-proton ross setion has been alulated at LHC energy, i.e.
√
S = 14
TeV, in NNLO-QCD auray, i.e. setting δEW = 0, using the MRST2002 NNLO parton
distribution funtions [13℄. The theoretial unertainty due to the hoie of the renormal-
ization sale µ and of the fatorization sale M has been anonially estimated by setting
M = µ equal to mH/2, mH, 2mH respetively. The preditions, shown in Fig. 2 (dotted
lines), vary by approximately ±8% with respet to the entral value. This unertainty is
further redued when inluding the eet of the resummation of all the initial state soft
gluon radiation [7℄.
The two-loop eletroweak orretions have been added aording to Eq. (1) and setting
M = µ = mH . The light fermion orretions an be evaluated for any hoie ofmH , whereas
the top quark ontribution has been omputed by means of a Taylor expansion and is
limited to the region mH ≤ 160 GeV. The hadroni ross setion inreases from 4 to 8%, for
mH ≤ 160 GeV. As we an observe in Fig. 2, the eet of the eletroweak orretions is an
inrease of the ross setion by an amount whih is of the same order of magnitude of the
NNLO-QCD theoretial unertainty, and possibly larger than the unertainty estimated
after the resummation of soft gluon radiation. The main soure of unertainty on the
hadroni ross setion remains in the aurate determination of the parton distribution
funtions of the proton.
The eet of the NLO-EW orretions is of great interest, beause it enhanes the most
important Higgs prodution mehanism and, in turn, aets the absolute number of events
of all the Higgs deay modes.
Following Eq. (1), the NLO-EW orretions an be implemented as a simple resaling
of the QCD hadroni ross setion. This multipliative fator is presented in Table 3 as a
funtion of mH and an be tted, in the range 114GeV > mH > 155GeV, by the following
simple formula:
δEW (mH) = 0.00961 + 6.9904 · 10−5mH + 2.31508 · 10−6m2H . (2)
The omputation of the NLO-EW orretions to the gluon fusion proess has been de-
sribed in detail in [11, 12℄. The analytial expression of the probability amplitude has
3
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Figure 2: The ross setion σp+p→H+X , in pb, is plotted as a funtion of the mass of
the Higgs boson, between 114 GeV and 300 GeV. The dotted lines desribe the band of
NNLO-QCD unertainty, for three values of the QCD fatorization/renormalization sale
µ = mH/2, mH, 2mH . The solid line is the NNLO-QCD (µ = mH) with the two-loop EW
orretions, aording to Eq. (1). The two-loop EW orretions inlude also the top-quark
eet, for mH ≤ 155GeV, but only the light quarks ontribution for larger values of mH .
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mH (GeV) δEW mH (GeV) δEW mH (GeV) δEW mH (GeV) δEW
114 0.048 136 0.062 158 0.077 180 0.020
116 0.049 138 0.063 160 0.069 182 0.010
118 0.050 140 0.065 162 0.063 184 0.010
120 0.051 142 0.066 164 0.049 186 0.002
122 0.053 144 0.068 166 0.041 188 0.997
124 0.054 146 0.069 168 0.035 190 0.994
126 0.055 148 0.071 170 0.031 192 0.991
128 0.056 150 0.073 172 0.028 194 0.989
130 0.058 152 0.074 174 0.026 196 0.987
132 0.059 154 0.076 176 0.024 198 0.986
134 0.060 156 0.077 178 0.022 200 0.985
Table 1: Resaling fator δEW as a funtion of the Higgs boson mass.
been expressed in terms of Generalized Harmoni PolyLogarithms (GHPL) [14℄ and has
been implemented in a FORTRAN routine
1
. The GHPL an be evaluated numerially in
several dierent ways: by diret numerial integration of the basi funtions, by power
expansions or by solving the assoiated dierential equations. We have heked that these
fully independent approahes agree.
4 Conlusions
In onlusion, the alulation of the QCD orretions to the prodution of a Higgs boson
via gluon-fusion has reahed a very high level of auray; the inlusion of the two-loop
eletroweak orretions, whose typial size for mH ≤ 160 GeV is larger than 5% and then
omparable or larger than the QCD unertainty, is highly desirable. The main soure of
unertainty on the hadroni ross setion remains in the aurate determination of the
parton distribution funtions of the proton.
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